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mk(Dm^&Z&&WWJ:Mmft (autonomic cell 
death, active cell death, cell suicide) tefflllW 



■?fiOTL*tov^^t*5. 7#h 
-i/X^OViT«, ^a^T?*^, Kerr ib^m? 

taWRm* apoptosis (Ttfh-^X) ktfr^LT 

m¥(®mkz*?MMmm u-on, > % *mxh -s . 

^©ffli§ii7^h-^x 

t ^5mm^9mWX 1965 *f K Lockshin ^AJj® 



Caspase-independent programmed cell death I Diversity of cell death programs 

-(ktfcl^tfr Chifumi Kitanaka : WMfcCO-fr^^fo^, KWIS^W 

P Yoshiyuki Kuchino IFPI : ■5H^E#l¥ 



(4>*Elgife5-l-l t 104-0045) 



{ii 4 a) ©^maSTiBi* intersegmental 
muscle ©*fflB&^tt££LTfflV>T}3 9, ^©^ D 

rfS^tifciKJ (developmentally 
programmed cell death) t </ > -5 £ C & 5 2) . 

(cell death regulated by intrinsic genetic pro- 
gram) £#fc£.LTfflV>£ ft 9, 

*s. i©i-5c r7n^7A«?Ej 

L J; 5 k 7 £ ^m^mmmt & 3 Eft#© ivn ^ 

^aw^ej fcNum"*c*s©-c, ^mm^m 

$ T , 7 jK h - S' X £ L ft Kerr <~> **fi|ftT 
Vifcjfett, ^SrJa©^* i bk^7*°h-^X (© 

tmtttfH^KHiw- site? ftfc g 



a^7Ai»|J!a5Ett7iKh-^^T*Sj kv^lftlS? 

v> 5 fflfgc t>ftfch/r # < **, - ©ffl^tt^a^cfc 

©-C&9, lf©±5a5EC^*Ufc*»tt«*«ICHI 
fr£v\ —^J, Wyllie b&Ttf V- f s*<DW.1kt 
ft3^3 4)©kUT*?n-S/x£Jfc9±tf, JBJffl- 
¥»Cft^«ISft©«tt*ff*)-f tf L % W©K<k 
fclMIIM©«je*»«k-r*fc©kJi*U *^>- 
©J: -5 &«^tt*SI$#**7n A $ tUc v>§ifr 

3S&© « k A, k*s £ © J; -5 fttSTC* ^o-^xt 

W^#^.*^*3t£©IEtv^i*Tffli/^^§, fc© 
$ ttT 33 5 (ft k * fcf 7 # h - X^fR,h 
HM& it apoptotic necrosis 1 0Mt % Z. t K ft 
*) 5) , 4-&©fctt (fflW©«E-) 

*fflv»5ik***5*«, £©*&£■« Wyllie e>©5£ 

S v> & A?, ^ ©«5E#*g#lft ft ©*>§®Jlft 
fcfc©frfci:£ofc<#ltfcA*i-Cv>&v». 

et, dfcfc£©5£a±tt7n/7AM?6k7# 
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b - V X 7*a 7 A|«E«#£-f 5 ©*f ?> 
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-7" (Schweichel & Merker)«*H> 

(SD. lo|©^^^(^>f7D ©HBBajEttfif 
CBffibfettHSTjeg T3s D ,' ¥Mi J: 

»»HbUOT©«JI5KJ:DJtft**t*. 

1 W^E^BJ 6 Kerr h ©V> 5 7 iK h - ^Ts t 
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j^B©«KJ: 9»§tsn3. d 
©* >f •7<DWS®fctt&S&#* t * 
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* h fvk a*, u y y — a 

* < ffl&ttUIS©EfS t) * ft** 

ofc. t©^"f7*©aw^EttSiia 
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* ©& Clarke 7 ' ^ Zakeri <5> 8) CD 

miftcx^'c hmmzfi'c^ 

Schweichel t Merker (DfrM C J: 4 ^ -f 7° 1—3 
©$BlJiS?B« v tt 1 51*^ c»!Rj©IE# *H^i^K: 

X h - s/ x tr* s ^ A 7 iMffift t mm c 
m±© J: a ft«H»f JL* ^> , -m* ^ o - 

©BSi&s-r^aw^iSfflflS^i)^©^^^^ 



©^6^72, 3 ©M^lfflB&ft £#£7 5 
7°u Afcr<fc (? »P£ ft£ gfflilftft 7°n ^ 

fttt, 7 *° b - ~> x ©*§-£ k W c £ *i £ ©ttl 

MKoift^wmtkWffiir ?>5 i.xmm^^r^mm 

fttmSL £ ;ft/r v > £ k A** £ ft k ft 

6 "f , ft-£7 # b - S/ X 1i W Z. tite k* * X 
C&B SWJ:5 Ctt-sfcO*. - fttt«?EAS?E 

7n ^ 7 Ajfflfl^EAST b - X o ft £ k A*— 
0©*§ft^Sk#;i£>;ft£. tii&Caenorhab- 
ditis elegans XteZ<D%i£Mfefci5^Xl&%.0)M 

ft 7 # b - S/X K. <fc £ 7°n ^7 A«5EK^S k $ 
tl&Vi < oA^ifKS-? (cee?=cell death abnor- 
mal) $^C^n^H*©7°a 
^7 A«BI!®E0©Jfl|lK: Site? 
fUW©*^©^**** k B J £ *> k * 0 . 
£ E£ 4 * T7 # b - S'* C J: * *n ^ 



£tt*3K:7tf b-^x*®!**: UT-SKCJRWl, 
T^yi^^T, ^©^?!T7n^ 7 A«5E7ft;b 
*,7# b-^Xkgtt±&£;h,4«k3fc:fto*:©fc 
*®IA^fcik;:6-c&4. 

UA^LftASfcidCtT, MC/^h-v'XW 
^©7n?* 7 A«3fcAi&g£*l4,):5K:ftoT§ 
ft. Sim C efe^aws ©t^TO/a /7A|K 
©UtrC-frg b 2 tiZ&B? ced-3 © a - K -f 5 

* y ^° * ft tt * x ; •?— tf k «k *l 4 dS?UM^ © ^ x 

* x;\°~ b*^H^-S^©W^^mtt*X/N'— t£ *s 
7*° b -S'X c#^T-si4-fb$ r b, A X/n°- 
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1 C h 7 b - S'X k »2 Aft o 
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©**O©#§0!IttJ3 * < Bax C <t 4$ffllS5E-Cfe 
?>d. Xiang £ ,4, te, Bax AS h hSJ&^Jurkat 
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(TUNEL 7 7 -fe 'f ) l&K:fc7sKb-$'X*Sjgt& 
<4otW:t **5tlB3 tiTV^S. b*» bfc** & 

S tt^T ©iltittfci fe©©^Cffi*biEttftffi 



§nSik*2pjaabfc. ^LTi©kg7j<g^©gp 
fiTiS© 6 ftSflWSJEHsRSfce^b < HMSH©S 
fla-fb fc»l!ISJE-e* o fc ,6 >. ' £ © «fc *> C, 7 tK 

b - s/ x (mm*™ u e. * cste? 7n 

J: D i#WK:$iJ^l§^TViSk#^e)tt-S7'n^7 
A#«E© KMz \±*x/ tf ©^tfcfb £ M UT 
7 # b - >>Xft0*4mf3 ftiWE*© fe © 

t±»j s ti* v » t ©3wat*> k#£7 s . ^ br £ © 

£ k tt7# b —>X k 6 t/eXfftMftfcJt 

£74 (*X/f-4f*tS#W) «?E7p77A© 
#ft*U*b-C^SkkfcK:, ^©J:5ft«?E7 
n 7" 7 a * x ^ \*— tf flc#i& & 7 jJ? b - 5/ X © « 
5E7n 7 7 A k UlSlfCtgte'fbS ftTH 4 £ k b 
TV>4. 

77A©^14'fb ; &#oTV^4)©T*)9, A^WK 

7 *° b - 5/ x £jrp$ij b * rm h c * 

Ofc *>©■?****, ^W^^^D-^X^©^ 

«-7K77n7^A«5E©^J=b*n^^TV^. ^© 
f^^^llti TNF-a (tumor necrosis factor- a) C 
<ti/n/7AKn5l TNF-artilffllia 
OfflgC i o T tt7 * b - fX k tt^^T c tz&m 
(«©«B*ffto"f, «BS©»<h^«BSI©«Be* 
tSM k 7 4 ) £tk7«E£M«7 4 £ k < * 
6ftJ6iiTi/JS*», £©TNF-a'^ < J;?»iiilS?E : b 
TNF H?^-A^fittif«(;55W^. 
77;i/e^m ; &^rbT»^a47n^7A«. 
4 17) , Z. © J -5 *»5E©»M* J k*© J: 

ifiK&oTt© TNF-ar Ci 9§l3l5ixS*7df 
b - $/X'|4©7tJ 77 A,W5E© s/^7/ueaiC « 
^14 9 *X7N°-4f*jp^b7V^>,>£ k*«^$^ 
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Ras "y^i-MnMm^ «fc 0 ili'J 



© (#7# F-^xtt/D^7>i||lllK) 

- *S 7s tt7°n ^7 btism&t if© 

2 $fflflS?E (autophagic degenera- 
tion) tmBFf- voVQWffl* tl 
Sg#^«5ET*^^t (ft 

T * ft** if © <fc 3 *3te? K: «t o 

Ras ffi-iV&Mm&W 4 7° 2 
lfflJJ&?E©f|j !P C A^t? o T v> 5 d 



life ft 4 Mfc^tJ Ras ©gf gas § to «> t * 
ftT&Si: kAS^n^tLT 1/^*5, fe&fcttilftttg 
Jifc J: 9 iStfrfbS ftfc Ras D ;t-^|fflj®©£ 
#*JiSSfc:*r LT tttr L 5»J^ca#g7S^feT 

.fc-DSStifflRas (RasV12) S^U 
*-v«JB*fp«U SttM Ras ©»£§§# L 
fciit 5«M©^flStti^^#o^«5E*Jf§#$ 
ft£ C tffllBS ft*:. H 1 tetSM Ras C «t 5 
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U251TA-RasV12jBlia(±^«fe^^x h^tY^'J >^*t§:i: J: U >SttS 
H-Ras (RasV12) <7)«S. *»a»T3 ^> U251 ^S^itte^ SAttT'A A: 
U251TA-RasV12 ijiffi^^^ h^+l-f^'J >#4Ttei (SttM Ras C7)^illJMJ 
ftlj^nTl^). B-F : U251TA-RasV12 JfflHa^T- h 5 l J >*ffSTT«t 

(>S1±S!Ras<7D«a*«Ra»$tlS). B it 2 B IB. C it 3 Q m, D-F(J4 0M 
Hf^VtM scale bar = 25 //m. 

(Kitanaka C et al : Ce// Death Differ 6, 508, 1999 ,2) J: U ) 



414 Molecular Medicine Vol.37 No.4 2000 




Tc(+) 



Tc(-) 



Tc(-) 
+ZVAD 



Tc(+) 
+TNF 



Tc(+) 
+TNF 
+ZVAD 



m 2 Ras mmmvs^mmiAn^smitim 

U251TA-RasV12|tt*7h?1M? V>«ttT (Tc( + )), ##gET (Tc(-)) T»5 HW*S»Lfc. Tc(-) +zVAD (i 100 
//M<7>zVAD-fmk ^r*PK.^ h 7"9-f ? V >^#6TT'5 BMi&«Lfc. Tc( + ) +TNF (Jf I- ^ >J >#STTTNF-or 

(30ng/m/) «fc t/-> ? a 'v* •> 5 K (20//g/m/) * X 24 B#PA*S*, Tc( + ) +TNF + zVAD Tte <3? <b (3 100//M (7) 
zVAD-fmk<7)^ftTT*iS#Lfc. /StS * b'Pl^SlI zVAD-fmk « TNF-a Ki^TM* t- -->*^ Sl<7>|&2g£itp ftUT 5> A*. 

Rast-J: «J§l«$n-5^BaUia'i , ir<7)Bg|^WSHbl«iP*JL^L\ scale bar=5^m. 
(Chi S et al : Oncogene 18, 2281, 1999"> <£ 'J) 



&&£v>te£JlS*itti3IL (HUB), SEtt©3ifri: 
KSHatt^ct < * 5 (H 1C), S&WCttgf 
££©*>© (El ID), *5v>tttt**;h/T2i 

<ft^tzK>Mfr<mKik-rz>i><D (hie, f) a 

frofc t^, «fc©3ifT UfelBISTttlllllMrtlc 
# < (DQMimti) htitztf, 5 b a y K y 7C 

fc©T*ofc (El 2, 3). 3 6»c 

© t> h 9 autophagosome ft %t^%?Lbfl 
tzZ.ti»h (@3©Tc(-), Day 5), £©»?E 
•h*94~7 2%8S®ffi> (autophagic degeneration) ~C 

6 tc Ras KXi iWM14©OT{ft * 

ttWmMK «t 0 «8 Lfc k - * * 4 7 2 1| 



©S5fc!|#» fc s y v v - (i ^c©rs# 

MTHttt^m^SOSfv^^^tfWii) © 
^* 6 ' 8, ££flSftJlCft3£oTE£ft (g|3©Tc 
(-), Day 1.5). *fc, y V y-AH©T-#-* 

-ac ft*-r sit tmmz titz i9 >. jsi±© 1 5 * 
©»*^ y *—?*mij*? 4 2 m?E£jg c -r 

mMfctfrni ztiK^zt asm & *» t * -a fc i9 >. c 




Tc(-), Day 1 .5 Tc(-), Day 5 Tc(+) 

H3 Ras mmmmznmMn^mmm 

U251TA-RasV12|il)S£r h^lM*'; >^4TT1.5 (Tc(-), Day1.5) ifc % Wi 5 0 H (Tc(-), Day 5) i§gL 
fc. Tc ( + ) li U251TA-RasV12 « £ t- h 5 1r -f ? >) >fc&T T'i$« Lfcfctf). scale bar=1 ,*m. 
(Kitanaka C et al : Cell Death Differ 6, 508, 1999 ,J) «fc U ) 



S£fcftif£^i£-rafc©-e2bS. 
Ja±8tf*bfc.J:'$K:, #7#r— >Xt£XuX7 

#£#1313 e> c ft d , * ©#^$sif ©bpj o 

^i^©J;dftW?E ffiffSfc) ©g^ 

x ?) W9scsffiv»w^*ja < ©»# < <Dmm<D%± 



B#^«©S«^©S^*jPni®ft©Ti,fLff, * 
©* a -XA £J$b«-& itKit) $&£&©§!§#§** 

HTSffliCtttOJ: -5 ft»^E*^^.^-5©Tfe5 
5#\ ■T^T7'*>-^X-Ciiaj^O<©T k fe?)5 

t ft 6mm<Dtt$m t lt ± < j& d ±*f*> *it v> 5 

**, * © ft A»-Cb4«^W#ftT** Alzheimer Jpf 
COHT*T*5 i:, Alzheimer ^ © t $n 
S7S D-f K /? 9 VlffttiiHfrK. in vitro <D% 
Wk\Z.&\>*X7i£\-*s7.*m%-thZ-kifi-C%% 

7tfh-^X©^£^$ftv> 2 °>. ^^Tfigtft 
? T < 5 © A W?& § T v 1 s fflUSJE** k* 
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Alzheimer RRWia^t;. SAWtfc&fl* 
353. £ESm*(*MB©lB#rtE: 1 1 



^;gA7 : &353fIgl3«>t>tl§tf, Alz- 
heimer jsaifais«A»iriisu< mm 



© J: 5 ft b ©"?#> 4 *»*^8*1" * - t 5 ■**» 
Alzheimer JpfCfto Tig £ -5 WflBHIB©SEtt»fS. 

e> tlX 35 9 * 4 , 7 # b - ^ * t (MB «=> *»ClWt o 1t 

>b ©t$> s 2i) . p^vi n t cisis^aBaeit-r* & 

£ t $ ftf *3 9 22) , Alzheimer ^©ttgffll 

flSf£tttt tf t 3 ? 4 72*fflflS?E (autophagic 
degeneration) E <t 4 © T * 5 *. 
ft*. fcL*5*fk7£k, 7#b— yxgPI^T 
;V/*fflV»T|§^^fc m wfro T©5QKIgStt Alz- 
heimer MOORcli: 7-f-K/<y^"C8ft< ft 
§fc14*tt 6 A/T* 9, £©& C o v> "Oi Alz- 
heimer ^^©^H^M* ft h b7V>S k - 
?> T h h 23) . £ © i -5 ft #!l Alzheimer #i C PS S> 
-f, Alzheimer ^fc36^*W ft 
& 5 Parkinson #jT fe JS#ffij©lll»^Wfc5&©*£ 
Wfliaii 7 b - ^ X ©ili© * ft h -f 
autophagic degeneration (:M 7 2) M35E©0 
h Tjk-T Z. k h ft o "C </ > £ 24) . $ <s> CflSSet 
ttiPJjPrfSI'fb^ (amyotrophic lateral sclerosis; 

als) ogm^f ^^^©jwaymm-ctt, ^tt 

ifJ£«g3*ttKfc7#l>-$'* kliHft-?-t*o9, 
TUNELRitt, *X/n°— r/3©tS14'fb ; Sr#bftv^ 
ft if, ii fe^#«W5E-Cfc 5 £ k *> SR* 

£tUr 25 >. £©«*>, #fiUtejKy^^sy«* 

/hlBfiKteffi^'f 73©M0H? k#*.fc*i7v>S 
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